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(54) ORGANIC ELECTROLUMINESCENCE ELEMENT 
(5 7) Abstract: 

PROBLEM TO BE SOLVED: To have high luminous efficiency and emit lights of various colors by 
setting the film thickness of a light emission layer including an organic substance causing 
concentration quenching to a specific value or less. 

SOLUTION: It is preferable that the film thickness of a light emitting layer of an organic 
electroluminescence element is set to 4 nm or less. Among light emitting materials used here and 
causing concentration quenching are quinacridone derivative, cumarin derivative, melocyanine 
derivative, oxazole derivative, thiazole derivative, styryl derivative, flavone derivative, and 



condensation polycyclic compound. The organic electroluminescence element is prepared by vapor 
depositing a hole transport layer 3 for transporting a positive hole, a light emitting layer 4 inducing 
light emission phenomena, an electron transport layer 5 for transporting electrons, and a negative 
electrode on a material defining an ITO electrode beforehand as a transference electrode 2 on a glass 
substrate 1 in this order. DCM (4-dicyanomethylene-2-methyl-6-(p- dimethylaminostyry)-4H-pyran), 
or an organic substance causing concentration quenching expressed by a formula is used for the light 
emitting layer 4. 
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CLAIMS 



[Clainn(s)] 

[Claim 1] Organic electroluminescence devices which are the organic 
electroluminescence devices which have a luminous layer at least between the 
electrode of a pair, and the electrode of said pair, and are characterized by the 
thickness of said luminous layer being 4nm or less including the predetermined 
organic substance with which said luminous layer starts concentration 
quenching. 

[Claim 2] Organic electroluminescence devices characterized by being the 
organic electroluminescence devices which have at least the luminous layer 
which contains the predetermined organic substance between the electrode of a 
pair, and the electrode of said pair, and the charge transportation layer which 
conveys an electron or an electron hole, and being shorter than the life time of 



fluorescence of the predetermined ingredient witli which the life time of 
fluorescence of said organic substance is included in said charge transportation 
layer, and the thickness of said luminous layer being 4nm or less. 
[Claim 3] Organic electroluminescence devices characterized by being the 
organic electroluminescence devices which have at least the luminous layer 
which contains the predetermined organic substance between the electrode of a 
pair, and the electrode of said pair, and for the life time of fluorescence of said 
organic substance being less than [ lOn second ], and the thickness of said 
luminous layer being 4nm or less. 

[Claim 4] Organic electroluminescence devices which are the organic 
electroluminescence devices which have a luminous layer at least between the 
electrode of a pair, and the electrode of said pair, and are characterized by 
forming said luminous layer at island shape including the predetermined organic 
substance with which said luminous layer starts concentration quenching. 
[Claim 5] Organic electroluminescence devices characterized by being the 
organic electroluminescence devices which have at least the charge 
transportation layer which conveys the luminous layer containing the 
predetermined organic substance, and an electron or an electron hole between 



the electrode of a pair, and the electrode of said pair, and being shorter than the 
life time of fluorescence of the ingredient with which the life time of fluorescence 
of said organic substance is included in said charge transportation layer, and 
forming said luminous layer in island shape. 

[Claim 6] Organic electroluminescence devices which it is the organic 
electroluminescence devices which have at least the luminous layer which 
contains the predetermined organic substance between the electrode of a pair, 
and the electrode of said pair, and the life time of fluorescence of said organic 
substance is less than [ lOn second ], and are characterized by forming said 
luminous layer in island shape. 

[Claim 7] Organic electroluminescence devices according to claim 1, 3, 4, or 6 
characterized by having the electron transport layer which conveys the electron 
hole transportation layer and electron which convey an electron hole, and having 
prepared the luminous layer between said electron hole transportation layers 
and said electron transport layers. 

[Claim 8] Organic electroluminescence devices according to claim 2 or 5 
characterized by having the electron transport layer which conveys the electron 
hole transportation layer and electron with which a charge transportation layer 



conveys an electron hole, and having prepared the lunninous layer between said 
electron hole transportation layers and said electron transport layers. 
[Clainn 9] Organic electrolunninescence devices according to clainn 1, 3, 4, or 6 
characterized by having the electron transport layer which conveys the electron 
hole transportation layer and electron which convey an electron hole, and having 
prepared the lunninous layer into said electron hole transportation layer. 
[Clainn 10] Organic electrolunninescence devices according to clainn 2 or 5 
characterized by having the electron transport layer which conveys the electron 
hole transportation layer and electron with which a charge transportation layer 
conveys an electron hole, and having prepared the luminous layer into said 
electron hole transportation layer. 

[Clainn 1 1] Organic electrolunninescence devices according to claim 1, 3, 4, or 6 
characterized by having the electron transport layer which conveys the electron 
hole transportation layer and electron which convey an electron hole, and having 
prepared the luminous layer into said electron transport layer. 
[Claim 12] Organic electroluminescence devices according to claim 2 or 5 
characterized by having the electron transport layer which conveys the electron 
hole transportation layer and electron with which a charge transportation layer 



conveys an electron hole, and having prepared the lunninous layer into said 
electron transport layer. 

[Clainn 13] Organic electrolunninescence devices according to claim 1, 3, 4, or 6 
characterized by having the electron transport layer which conveys the electron 
hole transportation layer and electron which convey an electron hole, and having 
prepared the lunninous layer in the part of either plurality in said electron hole 
transportation layer or said electron transport layer between said electron hole 
transportation layers and electron transport layers. 

[Clainn 14] Organic electroluminescence devices according to claim 2 or 5 to 
which it has the electron transport layer which conveys the electron hole 
transportation layer and electron with which a charge transportation layer 
conveys an electron hole, and a luminous layer is characterized by having 
prepared in the part of either plurality in said electron hole transportation layer or 
said electron transport layer between said electron hole transportation layers 
and electron transport layers. 

[Claim 15] 14 is [ claim 1 characterized by preparing an electron hole block layer 
in contact with a luminous layer thru/or ] the organic electroluminescence 
devices of a publication either. 



[Claim 16] 14 is [ claim 1 characterized by preparing an electronic block layer in 
contact with a luminous layer thru/or] the organic electroluminescence devices 
of a publication either. 

[Claim 17] 14 is [ claim 7 characterized by preparing the mixolimnion of the 1st 
ingredient contained in an electron hole transportation layer in contact with a 
luminous layer, and the 2nd ingredient contained in a luminous layer thru/or ] the 
organic electroluminescence devices of a publication either. 
[Claim 18] 4 is [ claim 7 characterized by preparing the mixolimnion of the 1st 
ingredient contained in an electron transport layer in contact with a luminous 
layer, and the 2nd ingredient contained in a luminous layer thru/or ] the organic 
electroluminescence devices of a publication either. 

[Claim 19] 18 is [ claim 1 characterized by the luminous layer having multilayer 
structure thru/or] the organic electroluminescence devices of a publication either. 
[Claim 20] 18 is [ claim 1 characterized by emitting light in the white light thru/or ] 
the organic electroluminescence devices of a publication either by establishing 
the multilayer structure which consists of two or more luminous layers which emit 
light in a color different, respectively. 

[Claim 21] 18 is [ claim 1 characterized by the luminous layer being a letter of a 



block thru/or ] the organic electroluminescence devices of a publication either. 
[Clainn 22] Organic electrolunninescence devices according to clainn 21 
characterized by beconning white lunninescence by preparing the lunninous layer 
of the letter of a block which consists of a field which emits light in two or more 
colors. 

[Claim 23] 22 is [claim 1 characterized by forming a luminous layer of vapor 
growth thru/or] the organic electroluminescence devices of a publication either. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] This invention is a light ennitting device broadly used as 
various kinds of displays, such as a display, and relates to the organic 
electrolunninescence devices which were especially excellent in low driver 
voltage, high brightness, and stability. 

[0002] 

[Description of the Prior Art] Electrolunninescence devices are bright connpared 
with a liquid crystal device because of self-lunninescence, and since the clear 
display is possible, they have been studied by the researcher of the fornner nnany. 
[0003] There is a connponent using ZnS of an inorganic nnaterial as 
electrolunninescence devices currently attained and connnnercialized by current 
and practical use level. 

[0004] However, since such inorganic electrolunninescence devices are about 



[ 200V ] need as driver voltage for luminescence, they have conne to be used 
widely. 

[0005] On the other hand, although the organic electrolunninescence devices 
which are the electrolunninescence devices using an organic material were far 
from practical level conventionally, the property progressed by leaps and bounds 
by the laminating constituent child developed by C.W.Tang and others of 
KODAKKU as indicated in applied physics Letters, 51 volumes, 913 pages, and 
1987 (Applied PhysicsLetters, Vol.51, P.913, 1987). 
[0006] The structure of the vacuum evaporationo film carried out the laminating 
of the fluorescent substance which is stable and can convey an electron, and the 
organic substance which can convey an electron hole, and they succeeded in 
pouring in both carriers into a fluorescent substance and making them emit light. 
[0007] The luminous efficiency of organic electroluminescence devices improves 
and two or more 1000 cd/m luminescence came to be obtained on the electrical 
potential difference not more than 10V by this. 
[0008] Furthermore, similarly the luminous layer by the guest host system was 
proposed by C.W.Tang and others of KODAKKU, and 1989 came usable [ the 
improvement in the luminous efficiency of a component, and various 



luminescent material ] as indicated in joumal OBU applied physics, 65 volumes, 
3610 pages, and 1989 (3610 65 J. Appl.Phys., Vol. P. 1989). Many of organic 
electroluminescence devices with high current and luminous efficiency use the 
luminous layer by the guest host system. 

[0009] However, in order to obtain the component whose luminous efficiency 
improved with the guest host system, it is necessary to dope the luminescent 
material which is a guest ingredient into a host ingredient by about [ 1mol% ] low 
concentration. In organic electroluminescence devices, the thickness of a 
luminous layer is about dozens of nm, and the formation approach usually uses 
the vacuum deposition method. For this reason, it is difficult to form in 
homogeneity the thin film luminous layer [ DOR! / luminous layer / such low 
concentration ] at the substrate of a large area, and has been a big problem in 
utilization of the component by the guest host system. 
[0010] Moreover, even if it uses the luminescent material used as a guest 
ingredient as a luminous layer by the usual approach, it is difficult to obtain 
organic electroluminescence devices with sufficient luminous efficiency. 
[0011] 

[Problem(s) to be Solved by the Invention] Luminous efficiency is high and this 



invention ainns at offering easily the organic electrolunninescence devices which 
can emit light for various colors. 

[0012] 

[Means for Solving the Problem] This invention is the organic 
electroluminescence devices by which the organic substance used for a 
luminous layer starts concentration quenching, and the thickness of a luminous 
layer was formed in 4nm or less or island shape. Or the life time of fluorescence 
of the organic substance used for a luminous layer is shorter than the life time of 
fluorescence of an electron and other ingredients used for the recombination 
field of an electron hole, and they are the organic electroluminescence devices 
by which the thickness of a luminous layer was formed in 4nm or less or island 
shape. Or the life time of fluorescence of the organic substance used for a 
luminous layer is 10 or less nanoseconds, and they are the organic 
electroluminescence devices by which the thickness of a luminous layer was 
formed in 4nm or less or island shape. 
[0013] According to such a configuration, luminous efficiency is high and the 
organic electroluminescence devices which can emit light for various colors are 
offered easily. 



[0014] 

[Embodiment of the Invention] Invention according to claim 1 is organic 
electroluminescence devices which are the organic electroluminescence 
devices which have a luminous layer at least between the electrode of a pair, 
and the electrode of said pair, and are characterized by the thickness of said 
luminous layer being 4nm or less including the organic substance with which 
said luminous layer starts concentration quenching. Although concentration 
quenching is the phenomenon in which it will not shine if concentration is raised, 
even if it uses for a luminous layer the organic substance which starts 
concentration quenching in this way, efficient electroluminescence becomes 
possible by setting thickness of a luminous layer to 4nm or less. As a 
luminescent material which starts concentration quenching used here, it can 
choose out of various kinds of fluorescence organic compounds, such as laser 
coloring matter, and the Quinacridone derivative, a coumarin derivative, a 
merocyanine derivative, an oxazole derivative, a thiazole derivative, a styryl 
derivative, a flavone derivative, a quinoline derivative, an acridine derivative, a 
condensed multi-ring compound, etc. are especially mentioned as a useful 
luminescent material. Specifically, - dimethyl Quinacridone (it is called Following 



DMQ), and N'N, N'-diphenyl Quinacridone, a 

3- (2'-benzothiazolyl)-7-diethylamino coumarin (henceforth a coumarin 6), a 

4- dicyanomethylene-2-nnethyl-6-(p-dimethylanninostyryl)-4H-pyran (it is called 
Following DCM), rubrene, diphenyl tetracene, perylene, etc. are mentioned. [ N, 
and ] 
[0015] It is the organic electrolunninescence devices which have at least the 
charge transportation layer which conveys the lunninous layer containing the 
organic substance, and an electron or an electron hole between the electrode of 
a pair, and the electrode of said pair, and invention according to clainn 2 is 
shorter than the life tinne of fluorescence of the ingredient with which the life time 
of fluorescence of said organic substance is included in said charge 
transportation layer, and is organic electroluminescence devices characterized 
by the thickness of said luminous layer being 4nm or less. By preparing such a 
luminous layer, the energy of the exciton which an electron and an electron hole 
recombine and generate in a charge transportation layer can be efficiently 
moved to the ingredient of a luminous layer, and it becomes possible to obtain 
efficient electroluminescence from a luminous layer. The life time of 
fluorescence here shows time amount until fluorescence intensity is set to early 



1/e, and it is measured by tine general-purpose life-time-of-fluorescence 
measuring device. As an example of such a component, the example using tris 
(eight quinolinol) aluminum (it is called Following Alq) as an ingredient used for a 
charge transportation layer can be given, for example, using a 
4-dicyanomethylene-2-methyl-6-(p-dimethylaminostyryl)-4H-pyran (it being 
called Following DCM) as the organic substance used for a luminous layer. The 
life time of fluorescence of DCM is 2-3n second, and the life time of fluorescence 
of Alq is about 12n second. In addition, it cannot be overemphasized that, as for 
the phenomenon which an electron and an electron hole recombine and 
generates an exciton, a luminous layer may also happen. 
[0016] Invention according to claim 3 is organic electroluminescence devices 
characterized by being the organic electroluminescence devices which have at 
least the luminous layer which contains the organic substance between the 
electrode of a pair, and the electrode of said pair, and for the life time of 
fluorescence of said organic substance being less than [ 10n second ], and the 
thickness of said luminous layer being 4nm or less. Thus, the energy of the 
exciton which generated the life time of fluorescence of the organic substance 
used for a luminous layer by the recombination of an electron and an electron 



hole by using the following [ 10n second ] can be efficiently nnoved to a lunninous 
layer, and electroluminescence efficient also as that [ 4nm ] can be obtained for 
the thickness of a lunninous layer. As the organic substance not nnore than 10n 
second, DCM is mentioned for the life time of fluorescence, for example. The life 
time of fluorescence of DCM is 2-3n second. 
[0017] Invention according to claim 4 is organic electroluminescence devices 
which are the organic electroluminescence devices which have a luminous layer 
at least between the electrode of a pair, and the electrode of said pair, and are 
characterized by forming said luminous layer at island shape including the 
organic substance with which said luminous layer starts concentration 
quenching. Thus, even if it uses for a luminous layer the organic substance 
which starts concentration quenching, efficient electroluminescence becomes 
possible by forming a luminous layer in island shape. As a luminescent material 
which starts concentration quenching used here, it can be chosen out of various 
kinds of fluorescence organic compounds, such as laser coloring matter, and the 
Quinacridone derivative, a coumarin derivative, a merocyanine derivative, an 
oxazole derivative, a thiazole derivative, a styryl derivative, a flavone derivative, 
a quinoline derivative, an acridine derivative, a condensed multi-ring compound. 



etc. are especially mentioned as a useful luminescent material. Specifically, - 
dimethyl Quinacridone (DMQ), and N'N, N'-diphenyl Quinacridone, a 

3- (2'-benzothiazolyl)-7-diethylamino coumarin (coumarin 6), a 

4- dicyanomethylene-2-methyl-6-(p-dimethylaminostyryl)-4H-pyran (DCM), 
rubrene, diphenyl tetracene, perylene, etc. are mentioned. [ N, and ] When 
carrying out thin film formation generally and the ultra-thin film, for example, a 
thin film 1 nm or less, is created, the film is formed in island shape in many cases. 
[0018] It is the organic electroluminescence devices which have at least the 
charge transportation layer which conveys the luminous layer containing the 
organic substance, and an electron or an electron hole between the electrode of 
a pair, and the electrode of said pair, and invention according to claim 5 is 
shorter than the life time of fluorescence of the ingredient with which the life time 
of fluorescence of said organic substance is included in said charge 
transportation layer, and is organic electroluminescence devices characterized 
by forming said luminous layer in island shape. By preparing such a luminous 
layer, the energy in a charge transportation layer is efficiently movable to the 
ingredient of a luminous layer, and even if it forms a luminous layer in island 
shape, it becomes possible to obtain efficient electroluminescence from a 



luminous layer. The life time of fluorescence here shows time amount until 
fluorescence intensity is set to early 1/e, and it is measured by the 
general-purpose life-time-of-fluorescence measuring device. When carrying out 
thin film formation generally and the ultra-thin film, for example, a thin film 1nm 
or less, is created, the film is formed in island shape in many cases. In addition, it 
cannot be overemphasized that, as for the phenomenon which an electron and 
an electron hole recombine and generates an exciton, a luminous layer may also 
happen. 

[0019] It is the organic electroluminescence devices which have at least the 
luminous layer which contains the organic substance between the electrode of a 
pair, and the electrode of said pair, and the life time of fluorescence of said 
organic substance is less than [ 10n second ], and invention according to claim 6 
is organic electroluminescence devices characterized by forming said luminous 
layer in island shape. Thus, the energy of the exciton which generated the life 
time of fluorescence of the organic substance used for a luminous layer by the 
recombination of an electron and an electron hole by using the following [ 10n 
second ] is efficiently movable to a luminous layer, and efficient 
electroluminescence can be obtained even if it forms a luminous layer in island 



shape. When carrying out thin film formation generally and the ultra-thin film, for 
example, a thin film 1nm or less, is created, the film is formed in island shape in 
many cases. 
[0020] Invention according to claim 7 or 8 is organic electroluminescence 
devices characterized by having the electron transport layer which conveys the 
electron hole transportation layer and electron which convey an electron hole, 
and having prepared the luminous layer between said electron hole 
transportation layers and said electron transport layers. Thus, by preparing a 
luminous layer between an electron hole transportation layer and an electron 
transport layer, the balance of the electron hole and electron which are poured in 
to a luminous layer becomes good, and improvement in luminous efficiency is 
made. 

[0021] Invention according to claim 9 or 10 is organic electroluminescence 
devices characterized by having the electron transport layer which conveys the 
electron hole transportation layer and electron which convey an electron hole, 
and having prepared the luminous layer into said electron hole transportation 
layer. By taking such a configuration, the energy of the exciton considered to 
exist mostly near the interface of an electron hole transportation layer and an 



electron transport layer is efficiently movable to a lunninous layer, and even if it 
prepares a lunninous layer into an electron hole transportation layer, efficient 
luminescence is attained. The location in which a luminous layer is prepared has 
a good direction near the interface of an electron hole transportation layer and 
an electron transport layer. 

[0022] Invention according to claim 11 or 12 is organic electroluminescence 
devices characterized by having the electron transport layer which conveys the 
electron hole transportation layer and electron which convey an electron hole, 
and having prepared the luminous layer into said electron transport layer. By 
taking such a configuration, the energy of the exciton considered to exist mostly 
near the interface of an electron hole transportation layer and an electron 
transport layer is efficiently movable to a luminous layer, and even if it prepares 
a luminous layer into an electron transport layer, efficient luminescence is 
attained. Although the location in which a luminous layer is prepared has a good 
direction near the interface of an electron hole transportation layer and an 
electron transport layer, when preparing into an electron transport layer, even if it 
detaches about 20nm unlike the case where it prepares into an electron hole 
transportation layer, luminescence is enough obtained from a luminous layer. 



[0023] Invention according to claim 13 or 14 has the electron transport layer 
which conveys the electron hole transportation layer and electron which convey 
an electron hole, and they are the organic electrolunninescence devices to which 
a lunninous layer is characterized by having prepared in the part of either plurality 
in said electron hole transportation layer or said electron transport layer between 
said electron hole transportation layers and electron transport layers. Thus, 
innprovennent in cause lunninous efficiency is nnade still nnore efficiently [ the 
energy transfer fronn an exciton to a lunninous layer ] by preparing in two or more 
parts. 

[0024] Invention according to claim 15 is organic electroluminescence devices 
characterized by preparing an electron hole block layer in contact with a 
luminous layer, it can limit an electron hole and an electronic recombination field 
near the luminous layer, and improvement in luminous efficiency of it is attained. 
It is used by organic electroluminescence devices from the former, and the 
super-thin film of inorganic compounds, such as organic compounds, such as a 
triazole derivative and a metal complex of an eight-quinolinol derivative, an alkali 
metal compound, an alkaline-earth-metal compound, and oxidation aluminum, is 
easy to be mentioned as an electron hole block layer used here. Specifically, it is 



3- (4-biphenylyl)-4-FENIRIRU-5-TASHARUBUCHIRUFENIRIRU. - 1 , 2, 

4- triazole, tris (eight quinolinol) aluminum, LiF, Li20, IVIgF, CaF, SiO, GeO, etc. 
are mentioned. 
[0025] Invention according to claim 16 is organic electroluminescence devices 
characterized by preparing an electronic block layer in contact with a luminous 
layer, it can limit an electron hole and an electronic recombination field near the 
luminous layer, and improvement in luminous efficiency of it is attained. It is used 
by organic electroluminescence devices from the former, and the super-thin film 
of inorganic compounds, such as organic compounds, such as an aromatic 
amine compound, an alkali metal compound, an alkaline-earth-metal compound, 
and an oxide, a fluoride, is easy to be mentioned as an electronic block layer 
used here. Specifically, LiF, Li20, MgF, CaF, SiO, GeO, etc. are mentioned. 
[0026] Invention according to claim 17 is organic electroluminescence devices 
characterized by preparing the mixolimnion of the 1st ingredient contained in an 
electron hole transportation layer in contact with a luminous layer, and the 2nd 
ingredient contained in a luminous layer. Thus, by preparing the mixolimnion of 
an electron hole transportation ingredient and luminescent material, the 
condition of the interface of luminescence material can be stabilized and it 



becomes possible to raise the luminescence stability at the time of a drive 
especially. 

[0027] Invention according to claim 18 is organic electroluminescence devices 
characterized by preparing the mixolimnion of the 1st ingredient contained in an 
electron transport layer in contact with a luminous layer, and the 2nd ingredient 
contained in a luminous layer. Thus, by preparing the mixolimnion of an 
electronic transportation ingredient and luminescent material, the condition of 
the interface of luminescence material can be stabilized and it becomes possible 
to raise the luminescence stability at the time of a drive especially. 
[0028] Invention according to claim 19 is the organic electroluminescence 
devices characterized by the luminous layer having multilayer structure, and 
improvement in luminous efficiency of it is attained according to increase of a 
luminescence field. It is possible to make a color which is different in a luminous 
layer, respectively into the multilayer structure which consists of two or more 
luminous layers which emit light furthermore, two or more luminescent color can 
be mixed by this, and various luminescent color can be realized. 
[0029] By establishing the multilayer structure which consists of two or more 
luminous layers which emit light in a color different, respectively, invention 



according to claim 20 is the organic electric-field light corpuscle child 
characterized by becoming white luminescence, and efficient white 
luminescence of it is attained. Various approaches, such as making the three 
primary colors of blue, green, and red emit light, and also using the color mixture 
of bluish green color system luminescence and orange system luminescence as 
the formation approach of white luminescence, are possible. 
[0030] Invention according to claim 21 is the organic electroluminescence 
devices characterized by the luminous layer being a letter of a block, and its 
stability of luminescence improves by division of a luminescence field. 
Furthermore, two or more block fields which emit [ luminous layer ] light in two or 
more colors can be prepared, and various luminescent color can be realized by 
mixing two or more luminescent color. 

[0031] By preparing the luminous layer of the letter of a block which consists of a 
field which emits light in two or more colors, invention according to claim 22 is 
the organic electroluminescence devices characterized by becoming white 
luminescence, and efficient white luminescence of it is attained. The various 
approaches of making the three primary colors of blue, green, and red emit light, 
and also being bluish green color system luminescence and orange system 



luminescence as the fornnation approach of white lunninescence, such as 
carrying out color mixture, are possible. Moreover, formation of a luminous layer 
4nm or less and formation of an island-shape luminous layer can be easily 
performed like by [ according to claim 23 ] forming a luminous layer by vapor 
growth. As vapor growth, a vacuum deposition method is the optimal. 
[0032] this invention is looked like [ below ] according to the gestalt of concrete 
operation, and is explained to it. 

[0033] N and N' which are shown by (** 1) as electron hole transportation 
material with the gestalt of the following operations - screw [4'-(N and 
N*-diphenylamino)-4-biphenylyl]-N and N* - diphenyl benzidine (it being called 
Following TPT) Tris (eight quinolinol) aluminum shown by (** 2) as electronic 
transportation material (it is called Following Alq.) Although it uses and the 
configuration of a component which carried out the laminating to the order of an 
anode plate, an electron hole transportation layer, a luminous layer, an electron 
transport layer, and cathode is shown typically, of course, there is no this 
invention what is limited to this configuration. Moreover, although a laminating is 
usually carried out to the order of cathode from an anode plate on a substrate, 
contrary to this, a laminating may be carried out to the order of an anode plate 



from cathode on a substrate. 

[0034] 

[Fornnula 1] 



[0035] 

[Fornnula 2] 



[0036] (Gestalt 1 of operation) Although the organic electrolunninescence 
devices in the gestalt of operation of the 1st of this invention fornned the ITO 
electrode beforehand as a transparent electrode 2 on the glass substrate 1 as 
the sectional view was shown in drawing 1 , they have the electron hole 
transportation layer 3 which conveys an electron hole upwards, the lunninous 



layer 4 to which luminescence happens, the electron transport layer 5 which 
conveys an electron, and the configuration which vapor-deposited in order of 
cathode 6, and was produced. DCM shown in (** 3) as a luminous layer was 
used. DCM is the organic substance which starts concentration quenching. 
[0037] 

[Formula 3] 



[0038] First, a glass substrate, TPT, DCM and Alq, aluminum, and a lithium with 
the fully washed ITO electrode were set in vacuum evaporationo equipment. 
[0039] Subsequently, after exhausting to 2x10-6torr, TPT set by 0.1nm/second 
in rate was vapor-deposited, and 50nm of electron hole transportation layers 
was formed. Subsequently, DCM of the set luminescence material was 
vapor-deposited by O.OInm/second in rate, and the luminous layer of 0.2nm of 
thickness was formed. Next, Alq of electronic transportation material was 
vapor-deposited in a second in 0.1 nm /, and the laminating of the electron 
transport layer of 50nm of thickness was carried out. Then, aluminum and a 



lithium were vapor-deposited from the respectively different source of vacuum 
evaporations 150nm of vapor codeposition layers of aluminum and a lithium 
was formed, and it considered as cathode. In addition, each of these vacuum 
evaporationo was performed continuously, without breaking a vacuum, and it 
acted as the monitor of the thickness with the quartz resonator. 
[0040] And after component production, ejection of an electrode was 
immediately performed in desiccation nitrogen, and property measurement was 
performed succeedingly. Here, the value in luminescence brightness 100 cd/m2 
defined the luminous efficiency of the obtained component. Moreover, when 
initial brightness was driven with a fixed current as 1000 cd/m2, while brightness 
became 500 cd/m2 of early one half, time amount defined the drive life. 
[0041] The thickness of a luminous layer was changed and same measurement 
was performed. The result is shown in the following (table 1). 
[0042] 

[Table 1] 



[0043] From (Table 1), it was checked that the organic electroluminescence 
devices of the gestalt of this operation are excellent in lunninous efficiency and a 
drive life. 
[0044] In addition, the life tinne of fluorescence of DCM is 2-3n second, and the 
life time of fluorescence of Alq is about 12n second. Moreover, when thickness is 
1nm or less, possibility of a thin film of being formed in island shape is high, and 
it is understood that the good result is obtained also in that case from (Table 1). 
[0045] (Gestalt 2 of operation) Except having prepared the luminous layer into 
the electron transport layer or the electron hole transportation layer, as the 
sectional view was shown in drawing 2 and drawing 3 , the organic 
electroluminescence devices in the gestalt of operation of the 2nd of this 
invention produced organic electroluminescence devices like the gestalt 1 of 
operation, and evaluated the property. In drawing 2 and drawing 3 , the electron 



hole transportation layer to which a glass substrate and 2 convey a transparent 
electrode, and, as for 3, 1 conveys an electron hole, the luminous layer to which, 
as for 4, lunninescence happens, the electron transport layer to which 5 conveys 
an electron, and 6 are cathode. Although the detail of the location of a lunninous 
layer is as having been shown in (Table 2), as it was indicated in drawing 2 and 
drawing 3 as X and Y of front Naka, it shows which the lunninous layer has 
separated fronn the interface of an electron transport layer and an electron hole 
transportation layer, and is. 

[0046] The result is shown in the following (table 2). 
[0047] 

[Table 2] 



[0048] From (Table 2), it was checked that the organic electroluminescence 



devices of the gestalt of this operation are excellent in lunninous efficiency and a 
drive life. It was checked that it is effective not only between an electron hole 
transportation layer and electron transport layers but to prepare into an electron 
hole transportation layer and an electron transport layer as a location in which a 
lunninous layer is prepared. However, after separating 2nnn fronn the interface of 
an electron hole transportation layer and an electron transport layer, it becanne 
green lunninescence fronn Alq which is an electron transport layer, and 
lunninescence fronn DCM was not obtained at the ** case which prepares a 
lunninous layer into an electron hole transportation layer. On the other hand, in 
the case where it prepares into an electron transport layer, even if prepared in 
the place which separated 20nnn fronn the interface, it was checked that 
lunninescence of the orange from DCM is obtained. Furthermore, it was checked 
by preparing a luminous layer in two or more parts that luminous efficiency and a 
drive life had improved. 

[0049] (Gestalt 3 of operation) Except having prepared the electron hole block 
layer or the electronic block layer in contact with the luminous layer, as the 
sectional view was shown in drawing 4 , the organic electroluminescence 
devices in the gestalt of operation of the 3rd of this invention produced organic 



electroluminescence devices like the gestalt 1 of operation, and evaluated the 
property. As for cathode and 7, in drawing 4 , the electron hole transportation 
layer to which a glass substrate and 2 convey a transparent electrode, and, as 
for 3, 1 conveys an electron hole, the luminous layer to which, as for 4, a 
luminous phenomenon happens, the electron transport layer to which 5 conveys 
an electron, and 6 are [ an electronic block layer and 8 ] electron hole block 
layers. The component of a configuration of having been shown using LiF and a 
triazole derivative (TAZ) as an electron hole or an electronic block layer (Table 3) 
was produced. 
[0050] The result is shown in the following (table 3). 
[0051] 

[Table 3] 



[0052] From (Table 3), it was checked that the organic electroluminescence 
devices of the gestalt of this operation are excellent in luminous efficiency and a 



drive life. 
[0053] (Gestalt 4 of operation) Except having prepared tlie mixolimnion of tlie 
electron hole transportation material contained in an electron hole transportation 
layer in contact with a luminous layer as the sectional view is shown in drawing 
5 , and the luminescence material contained in a luminous layer, or the 
mixolimnion of the electronic transportation material contained in an electron 
transport layer, and luminescence material, the organic electroluminescence 
devices in the gestalt of operation of the 4th of this invention produced organic 
electroluminescence devices like the gestalt 1 of operation, and evaluated the 
property. As for cathode and 9, in drawing 5 , the electron hole transportation 
layer to which a glass substrate and 2 convey a transparent electrode, and, as 
for 3, 1 conveys an electron hole, the luminous layer to which, as for 4, 
luminescence happens, the electron transport layer to which 5 conveys an 
electron, and 6 are [ the mixolimnion of electron hole transportation material and 
luminescence material and 10 ] the mixolimnions of electronic transportation 
material and luminescence material. In addition, the mixolimnion of electron hole 
transportation material (TPT) and luminescence material (DCM) was prepared 
between the electron hole transportation layer and the luminous layer, and the 



mixolimnion of electronic transportation nnaterial (Alq) and lunninescence 
material (DCM) was prepared between the luminous layer and the electron 
transport layer. Moreover, the mixolimnion formed each ingredient with vapor 
codeposition so that it might be set to 1:1, and the thickness could be lOnm. 
[0054] The result is shown in the following (table 4). 
[0055] 

[Table 4] 



[0056] From (Table 4), it was checked that the organic electroluminescence 
devices of the gestalt of this operation are excellent in luminous efficiency and a 
drive life. 
[0057] (Gestalt 5 of operation) Except having set thickness of a luminous layer to 
0.2nm using the ingredient shown for changing to a luminous layer at DCM 
(Table 5), the organic electroluminescence devices in the gestalt of operation of 
the 5th of this invention produced organic electroluminescence devices like the 



gestalt 1 of operation, and evaluated the property. 

[0058] The result is shown in the following (table 5). 
[0059] 

[Table 5] 



[0060] Fronn (Table 5), it was checked that the organic electrolunninescence 
devices of the gestalt of this operation are excellent in lunninous efficiency and a 
drive life. 
[0061] (Gestalt 6 of operation) The organic electrolunninescence devices in the 
gestalt of operation of the 6th of this invention produced organic 
electrolunninescence devices like the gestalt 1 of operation except having nnade 
the lunninous layer into nnultilayer structure of three layers which is different in the 
connponent, as the sectional view was shown in drawing 6 and drawing 7 . In 
drawing 6 and drawing 7 , the electron hole transportation layer to which a glass 
substrate and 2 convey a transparent electrode, and, as for 3, 1 conveys an 
electron hole, the 1st lunninous layer to which, as for 4a, lunninescence happens. 



the 2nd luminous layer to which, as for 4b, lunninescence happens, the 3rd 
lunninous layer to which, as for 4c, lunninescence happens, the electron transport 
layer to which 5 conveys an electron, and 6 are cathode. Each luminous layer 
(4a, 4b, 4c) may prepare and form spacing like drawing 6 , and the laminating 
may be carried out like drawing 7 . Thus, the good result was obtained when the 
property of the produced component was evaluated. 
[0062] Moreover, white luminescence is realizable by making a red system and 
4b into a green system, and making 4c into the luminous layer of a blue system, 
for example for 4a. Furthermore, it is also possible to divide white luminescence 
into some colors again with a filter etc., and to use. 
[0063] (Gestalt 7 of operation) The organic electroluminescence devices in the 
gestalt of operation of the 7th of this invention produced organic 
electroluminescence devices like the gestalt 1 of operation except having made 
the luminous layer into three letters of a block from which a component differs, 
respectively, as the sectional view was shown in drawing 8 . In drawing 8 , the 
electron hole transportation layer to which a glass substrate and 2 convey a 
transparent electrode, and, as for 3, 1 conveys an electron hole, the 1st 
luminous layer to which 4d of luminescence happens, the 2nd luminous layer to 



which, as for 4e, luminescence happens, the 3rd lunninous layer to which 4f of 
lunninescence happens, the electron transport layer to which 5 conveys an 
electron, and 6 are cathode. The letter lunninous layer of a block was produced 
using the lithography technique, the thin filnn processing technique, etc. The 
configuration of the letter lunninous layer of a block can take various gestalten, 
such as the shape of the shape of a stripe, or a grid. The shape of a stripe is 
shown in drawing 9 (a), and the exannple of the flat-surface block diagrann of a 
lunninous layer in the case of-like [ grid ] is shown in drawing 9 (b). In drawing 9 
(a) and (b), they are the 1st lunninous layer to which 4d of lunninescence happens, 
the 2nd luminous layer to which, as for 4e, luminescence happens, and the 3rd 
luminous layer to which 4f of luminescence happens. Thus, the good result was 
obtained when the property of the produced component was evaluated. 
[0064] In addition, white luminescence is realizable by making a red system and 
4e into a green system, and making 4f into the luminous layer of a blue system 
for 4d in the luminous layer shown, for example by drawing 8 or drawing 9 . 
Furthermore, white luminescence can be again divided into some colors with a 
filter etc., and it can also use. 

[0065] 



[Effect of the Invention] As mentioned above, according to this invention, the 
advantageous effectiveness that organic electroluminescence devices with the 
small fall of the brightness at the time of a drive life with high luminous efficiency 
are obtained is acquired. Moreover, the organic electroluminescence devices 
which can emit light for various colors can be obtained easily. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] The sectional view showing the configuration of the organic 
electrolunninescence devices in the gestalt of operation of the 1st of this 
invention 

[Drawing 2] The sectional view showing the configuration of the organic 
electrolunninescence devices in the gestalt of operation of the 2nd of this 
invention 

[Drawing 3] The sectional view showing the configuration of the organic 
electrolunninescence devices in the gestalt of operation of the 2nd of this 
invention 

[Drawing 4] The sectional view showing the configuration of the organic 
electrolunninescence devices in the gestalt of operation of the 3rd of this 
invention 

[Drawing 5] The sectional view showing the configuration of the organic 
electrolunninescence devices in the gestalt of operation of the 4th of this 
invention 



[Drawing 6] The sectional view sliowing tine configuration of the organic 
electroluminescence devices in the gestalt of operation of the 6th of this 
invention 

[Drawing 7] The sectional view showing the configuration of the organic 
electrolunninescence devices in the gestalt of operation of the 6th of this 
invention 

[Drawing 8] The sectional view showing the configuration of the organic 
electrolunninescence devices in the gestalt of operation of the 7th of this 
invention 

[Drawing 9] The flat-surface block diagrann of the letter lunninous layer of a block 
in the gestalt of operation of the 7th of this invention 
[Description of Notations] 

1 Glass Substrate 

2 Transparent Electrode 

3 Electron Hole Transportation Layer 
4, 4a, 4b, 4c, 4d, 4e, 4f Lunninous layer 

5 Electron Transport Layer 

6 Cathode 



7 Electronic Block Layer 

8 Electron Hole Block Layer 

9 Mixolinnnion of Electron Hole Transportation Material and Lunninescence 
Material 

10 Mixolinnnion of Electronic Transportation Material and Lunninescence Material 
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5§ 



mmMtm'^-mmMmM^ d 2 n minr l$ ^ 
i^f^m-^r^ii. mti' e> 2 0 n mmntc tcz imi^yr 
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''^ti^lal± ItcCt timU^ tl 30 



[0 0 4 9] (Mmmm a ) ^mm^ a (Dnmm^ 
T. ui^^^xas. 2{j:i0j5m atim^itit- 

^®i:LT«L i ¥^^r}hV7V~mm (TA 

z) ^Mty^ (^a) iLTrsLmmm^mmLtco 

[0 0 5 0] i^T® (^3) fc^to 

[0 0 5 1] 

[^3] 











(nm) 


(nm) 


(WW) 








2. 5 


300 


L i F : 0. 5 nm 




2, 9 


3 8 0 




L i F ; 0. 5 nm 


2. 7 


3 5 0 


L i F : 0. 5 nm 


L i F ; 0- 5nm 


3. 2 


4 0 0 


TAZ : 5 nm 




2. 7 


3 7 0 


TAZ : 5 nm 


TAZ ; 5 nm 


2. 9 


3 90 



S6 



[0 0 5 2] (^a) 

[0 0 5 3] mmmm 4 ) ^mm^ 4 mmm^ 
2 mmmm. 3^imLmmt^mmmM. 



40 



1. 6ii^fe 



1 0 

(TPT) mm (DCM) (Du^MimmmM 
tmMmi^. mmm^ (ai q) mm (dc 

[0 0 5 4] ^<Dm^^. &rf(D (^4) IC^sto 

[0 0 5 5] 

[||4] 
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(In/W) 








2. 5 


3 00 


o 




2. 6 


4 0 0 




o 


2. 5 


3 8 0 


o 


o 


2. 7 


4 5 0 



(8) 
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[0056] (S4)j:D. mmmm<Dmmm * mtc immt. mmmm i i: ^^fcwit^^)^!! 

^tlfco [0 0 5 8] ^(Dm^^. &CV(D (M5) iCr^to 

[0 0 5 7] mmmm 5 ) ^mm^ 5 (Dmmm^ 10 [0059] 
mji^m^^mm^mmi'ii. mMic d c mjcH^ [^ 5 ] 
r m5) mtmm\^^rmmmmo. 2n* 



mm 


(nm) 




mw 


DCM 


59 1 


2. 5 


3 0 0 


DMQ 


5 3 0 


5. 6 


7 0 0 




5 10 


6. 5 


6 5 0 




560 


4. 7 


800 



[0060] (M5) x^. ^mmmmmmm^^^ 

[0 0 6 1] mmmm 6 ) 6 mmm 

mmtimm. mmmmi mmicmmnm 
m^mmLTco m 6 mm 7 ic^i^^r. 1 
2mmm. sammmt^sEmm. 4 

a imftmm'^mu^^ 1 ©jg^^i. 4 b nmMm'^ 

511 2 ©jg}^!. 4 c immm<t'^^^^^ 3 
7^1. sim^mmt^mrmmM. Qimm-^-^ 30 

§0 ^^7^1 (4 a, 4 b, 4 c) «06Oj;^fcM 

[0 0 6 2] $/c. M^if 4 a^/75^fe^. 4b^life 

-So 

[0 0 6 3] (H/JSCMI 7 ) ^m(0'^ 7 CD^SIcDff^ 40 

i^hL/ci^^^ti. mmmmi mmmmmmm 
^^imbtco msiLish^r. ui^'yxmm. 21m 

Mti^mc 1 (D^M. 4 e nmmMffmc^^m 2 

mftm. 4 fimmmtf'mc^^smftM. sit 



(a) fc, Xh^^7°«. H9 (b) fc^g^tt®*!^ 
®. %7^M®¥ffi«H®M^/TNto 09 (a) . 

(b) \L^\^x. Ad\iwmmm^^w,\(Dmt 

[0 0 6 4] ^fe. mtt*08^09-r-^Lfc5§7te)i(C 
43V^T 4 d 4 e 4 f 

7^;^^-^^li:j;Dail^7^^Sfiv^<0/b^© 

[00 6 5] 

imm^^ imm^Mi. mm 

m 1 ] ifmmw, 1 mmmmicm^^mmm 

[02] *^0j§CD®2CD^lCDMIiC*3lj-5tSl^li 

[03] mm(D^2mmmmicm^^mmm 

[04] *5g0J5®ll3®||l®Wcfelj-StH^II 

7^^?®«^/i^-r»TB0 

m 5 ] *%^co^ 4 mmmmicm^^^mmm 

[06] *5g0J5®ll6®||l©Wcfelj-§taM^|g 

7^m?®«^/T^t-»Tffi0 

[07] mm(D^Qmmmmicm^^mmm 
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mMmmmm 

1 mT^mu 

2 mmnm 

3 lEmmM 



(9) #112 0 0 0-3 4 0 3 6 1 

16 

* 4^ 4 a^ 4 b^ 4 c^ 4 (1 ^ 4e^ 4f 

5 mmmM 

6 

7 li^7'p-y^l 

8 iE?L7'D7^)i 

10 mmMMtmmu-^M 



[02] 



[03] 




5 m^mmm 
1 mxm& 





[04] 



[05] 




8 JEfiynv^m 




5 ^10 ^^IfiStJi: 



[06] 



[07] 






(10) 



#112 0 0 0-3 4 0 3 6 1 



itiii I 111 I \m^wmB^ 3 T B io# 1 tt^i I IS/ 1 m^^mm.'^m 3 t b ion i 

F ^-A(##) 3K0O7 AB02 AB03 AB04 AB06 CAOl 
CBOl DAOl DB03 EBOO 



